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Abstract 

Background: Oxaliplatin, the third-generation platinum compound, has evolved as one of the most important 
therapeutic agents in colorectal cancer chemotherapy. The main limiting factor in oxaliplatin treatment is painful 
neuropathy that is difficult to treat. This side effect has been studied for several years, but its full mechanism is still 
inconclusive, and effective treatment does not exist. Data suggest that oxaliplatin's initial neurotoxic effect is 
peripheral and oxidative stress-dependent. A spinal target is also suggested in its mechanism of action. The flavonoids 
rutin and quercetin have been described as cell-protecting agents because of their antioxidant, antinociceptive, and 
anti-inflammatory actions. We proposed a preventive effect of these agents on oxaliplatin-induced painful peripheral 
neuropathy based on their antioxidant properties. 

Methods: Oxaliplatin (1 mg/kg, i.v.) was injected in male Swiss mice, twice a week (total of nine injections). The 
development of sensory alterations, such as thermal and mechanical allodynia, was evaluated using the tail immersion 
test in cold water (10°C) and the von Frey test. Rutin and quercetin (25-100 mg/kg, i.p.) were injected 30 min before 
each oxaliplatin injection. The animals' spinal cords were removed for histopathological and immunohistochemical 
evaluation and malondialdehyde assay. 

Results: Oxaliplatin significantly increased thermal and mechanical nociceptive response, effects prevented by 
quercetin and rutin at all doses. Fos immunostaining in the dorsal horn of the spinal cord confirmed these results. The 
oxidative stress assays mainly showed that oxaliplatin induced peroxidation in the spinal cord and that rutin and 
quercetin decreased this effect. The flavonoids also decreased inducible nitric oxide synthase and nitrotyrosine 
immunostaining in the dorsal horn of the spinal cord. These results suggest that nitric oxide and peroxynitrite are also 
involved in the neurotoxic effect of oxaliplatin and that rutin and quercetin can inhibit their effect in the spinal cord. 
We also observed the preservation of dorsal horn structure using histopathological analyses. 

Conclusions: Oxaliplatin induced painful peripheral neuropathy in mice, an effect that was prevented by rutin and 
quercetin. The mechanism of action of oxaliplatin appears to be, at least, partially oxidative stress-induced damage in 
dorsal horn neurons, with the involvement of lipid peroxidation and protein nitrosylation. 
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Background 

Platinum compounds represent an important antitumor 
drug class that is widely used in the treatment of several 
solid human tumors. The first synthesized molecule was 
cisplatin (1854) and afterward carboplatin. Oxaliplatin is 
a third-generation platinum agent with significant cyto- 
toxic activity that is different from other platinum 
agents, with diminished antitumoral resistance [1,2]. 
Today it is used in combination with 5-fluorouracil 
(5-FU) and leucovorin (LV) in the FOLFOX protocol, 
one of the first-line treatment regimen against metastatic 
colorectal cancer [3]. The inclusion of oxaliplatin in the 
FOLFOX protocol has improved response rate, time to 
disease progression, and overall survival for patients with 
this type of cancer [4-6]. 

Notwithstanding this progress in antitumor therapy, 
side-effects have increased [7]. The toxicity profile, includ- 
ing neutropenia, nephrotoxicity, and ototoxicity are 
observed but in a significantly lower rate when compared 
with the peripheral sensory neuropathy, which is the main 
limiting adverse event in oxaliplatin treatment. This 
neurotoxic effect appears as transient, acute, sensitive 
neuropathy, the symptoms of which include perioral and 
distal paresthesias, cumulative dose-related sensitive neur- 
opathy [2], distal limbs paresthesias, and dysesthesias that 
affect daily activities and impair the patient s quality of life. 

Joseph et al. [8] showed that oxaliplatin induced acute 
neuropathy beginning with peripheral nociceptive fiber in- 
jury caused by oxidative stress, and these effects are 
prevented with antioxidant agents. Adequate treatment is 
usually difficult to achieve and mostly disappointing be- 
cause no fully effective drug yet exists. Preventive therap- 
ies include ionic calcium and magnesium infusions, 
vitamin E, glutathione, glutamine, and A/3acetylcysteine, 
with the aim of reducing neuropathic symptoms in pa- 
tients who undergo antitumor therapy [9,10]. Symptom- 
atic treatment is based on neuromodulating agents. Once 
neuropathic pain develops, common analgesics are inef- 
fective. The therapy tends to use adjuvant drugs, such as 
anticonvulsants (e.g., gabapentin, carbamazepine), local 
anesthetics (e.g., lidocaine), opioids (e.g., tramadol, mor- 
phine), tricyclic antidepressants (e.g., amitryptyline), and 
selective serotonin reuptake inhibitors [11]. 

Recently, new hypotheses have been proposed to ex- 
plain the oxaliplatin-related neuronal injury. A neuronal 
subpopulation of spinal cord dorsal ganglia appears to 
be directly injured by oxaliplatin, causing neural atrophy 
without any significant loss of cells [12]. In a recent 
study, Joseph and co-workers [8] showed that oxaliplatin 
causes pain by an action on a subset of nociceptors, the 
IB4-positive DRG neurons. Oxidative stress has also 
been suggested to be the direct cause of neuronal injury. 
Acute thermal and mechanical hyperalgesia caused by a 
single intravenous dose of oxaliplatin was inhibited by 



antioxidant agents, such as vitamin C and L-carnitine 
[8], but this previous study was performed with only a 
single oxaliplatin dose. Chronic cumulative oxaliplatin 
damage has not been proven to follow the same pattern, 
but this may be a key focus of future research. 

The flavonoids rutin and quercetin are polyphenolics 
compounds found in vegetables, fruits, herbs, leaves, 
seeds [13,14], red wine, tea, coffee, beer, and several me- 
dicinal plants. Rutin is a bioflavonoid and antioxidant. It 
is water-soluble and converted to quercetin once it en- 
ters the blood stream [15]. Several studies have found 
that these flavonoids have antiinflammatory [16-18], an- 
algesic [19], and antioxidant [20] effects. 

Based on this background evidence on the biological 
effects of flavonoid compounds and the possible 
oxidative-related mechanism of neuronal injury due to 
oxaliplatin injection, the present study investigated the 
neuroprotective effects of rutin and quercetin on 
oxaliplatin-induced neurotoxicity. 

Results 

Decrease in mechanical and cold nociceptive threshold 
induced by oxaliplatin 

Mechanical nociceptive threshold was evaluated in the 
hind paws of mice that received intravenous injections of 
oxaliplatin (1, 2 and 4 mg/kg) and the cold non-noxious 
threshold (10°C) was evaluated using the tail immersion 
test in mice that received oxaliplatin at the same doses. 
The nociceptive threshold of mice was assessed, before 
and after oxaliplatin injections, every week and it was ob- 
served a decrease of nociceptive threshold for mechanical 
and thermal stimuli. The decrease in mechanical and cold 
nociceptive threshold developed by day 28 and was evalu- 
ated until 56th day. Figure 1A shows the decrease of 
mechanical nociceptive threshold of mice at the 49th day 
after oxaliplatin first injection, which seems to be the 
period in which oxaliplatin reaches the maximum of 
effect. We observed a significant (p < 0.001) decrease in 
the nociceptive threshold (7.19 ± 0.44, 1 mg/kg) in all the 
doses tested (without no differences between them) when 
compared to the control group (11.88 ± 0.44). The 
Figure IB shows the decrease of cold threshold of mice 
at the 49th day after oxaliplatin first injection. A decrease 
in the withdrawal threshold was observed with all the 
doses, but only the dose of 1 mg/kg reached a significant 
difference (16.0 ± 6.5, p < 0.001), when compared to con- 
trol group (66.43 ± 5.2). For this reason we choose this 
dose to perform the following experiments. 

Effect of rutin and quercetin upon the mechanical 
nociceptive threshold in mice subjected to oxaliplatin- 
induced painful peripheral neuropathy 

Mechanical nociceptive threshold was evaluated in the 
hind paws of mice that received an intravenous injection 
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Figure 1 Decrease of mechanical and cold nociceptive threshold 
induced by oxaliplatin. Each mouse received two intravenous 
injections per week for 4,5 weeks, totalizing nine injections. Withdrawal 
responses were determined once a week until the 49th day. Panel A: 
paw withdrawal threshold of control (C, vehicle, n = 12) and treated 
(oxaliplatin 1 mg/kg, 2 mg/kg and 4 mg/kg, n = 1 2) mice to the 
electronic pressure meter (electronic von Frey) applied to the plantar 
surface of the hind paw. Panel B: Tail withdrawal threshold of Control 
(C, vehicle, n = 12) and treated (oxaliplatin 1 mg/kg, 2 mg/kg and 
4 mg/kg, n = 12) mice to tail immersion in cold non-noxious (10°C) 
water. The results are reported as the means ± SEM paw withdrawal 
threshold (g) for mechanical threshold (panel A) and tail withdrawal 
response (s) for the cold threshold (panel B). A significant reduction in 
mechanical and thermal threshold (***p < 0.001, ANOVA followed by 
Student Newman-Keuls post hoc test), was observed when compared 
with the vehicle group. 



of oxaliplatin (1 mg/kg). Both rutin and quercetin 
inhibited the oxaliplatin-induced decrease in mechanical 
nociceptive threshold. Rutin, at all doses tested, 
prevented the nociceptive response beginning on day 28, 
exerting a more pronounced effect (p < 0.05) at a dose of 
100 mg/kg on day 42 of treatment (10.82 ± 0.20, Figure 2 A) 



versus oxaliplatin control group (8.61 ± 0.31). Quercetin 
also inhibited at all doses tested the effect of oxaliplatin 
beginning on day 21 and exerting a more pronounced 
effect, at a dose of 50 mg/kg, on day 56 of treatment 
(10.53 ±0.18, Figure 2B) compared to the oxaliplatin con- 
trol group (8.77 ± 0.33). 

Effect of rutin and quercetin upon cold nociceptive 
threshold in mice subjected to oxaliplatin-induced painful 
peripheral neuropathy 

The threshold for cold non-noxious (10°C) was evalu- 
ated using the tail immersion test in mice that received 
an intravenous injection of oxaliplatin (1 mg/kg). 
Oxaliplatin increased the tail withdrawal response, and 
both rutin and quercetin prevented this effect. Rutin, 
only at doses of 50 and 100 mg/kg, had a significant in- 
hibitory effect, reaching a maximum effect (111.50 ± 
11.46, p<0.01) at a dose of 50 mg/kg on day 42, com- 
pared with the control group (17.00 ± 7.27, Figure 3A). 
Quercetin, at all doses, prevented the decrease in cold 
threshold (p < 0.001) beginning on day 7, with a maximal 
response on day 49 at the dose of 50 mg/kg (117.16 ± 
2.83) versus control group (21.00 ± 4.27, Figure 3B). 

Histopathological analysis of the dorsal horn of the spinal 
cord in mice subjected to oxaliplatin-induced painful 
peripheral neuropathy and treated with rutin and quercetin 

The histopathological analysis revealed differences be- 
tween naive and oxaliplatin-treated mice. Twenty-four 
hours after oxaliplatin injection, the presence of discrete 
lacunar spaces was observed between neuronal cells, 
suggesting nervous tissue edema. We also observed 
shrinkage of the size of dorsal horn neurons, mainly 
from the 14th experimental day, suggesting the atrophy 
of neurons and increase in glial cell number. Both rutin 
and quercetin prevented these changes, maintaining the 
tissue with aspects similar to the naive group (Figure 4). 

Histopathological analysis of skin harvested from the paws 
of mice subjected to oxaliplatin-induced painful peripheral 
neuropathy and treated with rutin and quercetin 

The histopathological analysis of the paw skin of mice 
injected with oxaliplatin showed the presence of little la- 
cunar spaces between collagen fibers, suggesting discrete 
edema of conjunctive tissue, without any other sign of 
inflammation. This edema appeared to be most evident 
at the first week of oxaliplatin treatment. Both rutin and 
quercetin prevented the development of this event 
(Figure 5). 

Effects of rutin and quercetin on oxaliplatin-induced lipid 
peroxidation, reflected by malondialdehyde (MDA) levels 

Figure 6 shows that oxaliplatin significantly increased 
(by 110.1%, p < 0.05) MDA levels in spinal cord samples 
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Figure 2 Antinociceptive effects of rutin and quercetin on oxaliplatin-induced mechanical nociceptive threshold decrease (von Frey). 

The mice received two intravenous injections of oxaliplatin (OXL; 1 mg/kg) per week, for 4.5 weeks for a total of nine injections. Rutin (A) and 
quercetin (B) were injected intraperitoneal^ 30 min before every OXL administration. The control group received saline instead of rutin or 
quercetin. Mechanical threshold was assessed before and every 7 days after each treatment. The data points represent the mean ±SEM the paw 
withdrawal response in grams (g) in six animals.*p < 0.05, **p < 0.01, < 0.001 (ANOVA followed by Student Newman-Keuls post hoc test). 



compared with control mice. This effect was prevented 
(p < 0.05) by both rutin (65.1%) and quercetin (52.7%). 

Immunohistochemical analysis of the dorsal horn of the 
spinal cord in mice subjected to oxaliplatin-induced painful 
peripheral neuropathy and treated with rutin and quercetin 

The immunohistochemical analysis revealed an increase 
in Fos, nitrotyrosine, and inducible nitric oxide synthase 



(iNOS) immunoexpression, characterized by brown- 
colored cells in the dorsal horn of the spinal cord in 
mice subjected to oxaliplatin-induced painful neur- 
opathy (Figures 7,8,9). The Fos immunohistochemical 
analysis showed intense staining (p < 0.001) of neuronal 
cells, especially in the nucleus region compared with 
naive animals (Figure 7B and E). Both rutin (Figure 7C) 
and quercetin (Figure 7D) significantly inhibited this 
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Figure 3 Antinociceptive effects of rutin and quercetin on cold nociceptive threshold in oxaliplatin (OXL)-treated mice (tail immersion), 

The mice received two intravenous injections of OXL (1 mg/kg) per week for 4.5 weeks for a total of nine OXL injections. Rutin (A) and quercetin 
(B) were injected intraperitoneal^ 30 min before every OXL administration. The control group received saline instead of rutin or quercetin. The 
thermal test (tail immersion test in cold water, 10°C) was conducted before and every 7 days after each treatment. The data points represent the 
mean ±SEM of the reaction time in seconds after tail immersion in cold water in six animals.*p < 0.05, **p < 0.01, ***p < 0.001 (ANOVA followed 
by Student Newman-Keulspost hoc test). 



effect (p < 0.001; Figure 7E). The nitrotyrosine immuno- 
histochemical analysis showed intense staining (p < 0.05; 
Figure 8E) of neuronal cells, especially at the cyto- 
plasmic level (Figure 8B) compared with the naive 
group (Figure 8A). Quercetin (Figure 8D) but not 
rutin (Figure 8C) significantly inhibited this effect (p < 
0.05; Figure 8E). The iNOS immunohistochemical analysis 
showed intense staining (p < 0.01; Figure 9E) of neuronal 
cells, especially at the cytoplasmic level (Figure 9B) 
compared with the naive group (Figure 9A). Quercetin 
(Figure 9D) but not rutin (Figure 9C) significantly 
inhibited this effect (p < 0.01; Figure 9E). 



Discussion 

Painful peripheral neuropathy appears to be caused by all 
platinum compounds used in cancer chemotherapy. 
Among these compounds, the third-generation drug 
oxaliplatin or the oxaliplatin-based regiments are one of 
the first choices in the treatment of colorectal cancer, but 
it is associated with the development of acute and chronic 
painful neuropathy that is difficult to treat. The acute 
phase affects almost every patient who receives this drug, 
and the chronic effects of oxaliplatin are cumulative and 
limit treatment. This side effect of oxaliplatin has been 
studied for several years, but its full mechanism of action 
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Figure 4 Photomicrographs of the dorsal horn of the spinal cord of mice subjected to oxaliplatin (OXL)-induced neurotoxicity and 
treated with rutin (RUT) or quercetin (QT). The mice received two intravenous injections of OXL (1 mg/kg) per week for 4.5 weeks for a total 
of nine OXL injections. Rutin and quercetin (50 mg/kg) were injected intraperitoneal^ 30 min before every OXL administration. The control group 
received saline instead of rutin and quercetin. The figure shows hematoxylin-eosin staining (400x magnification). 

V J 



is still inconclusive, and effective treatment does not exist. 
The present study proposed preventive and therapeutic ef- 
fects of the flavonoids rutin and quercetin on painful per- 
ipheral neuropathy induced by oxaliplatin. 



Previous work by Ling et al. [21] showed that rats 
treated with oxaliplatin developed painful and long- 
lasting hyperalgesia in mechanical and thermal tests. 
They used doses of 1, 2, and 4 mg/kg oxaliplatin with 
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Figure 5 Photomicrographs of the skin harvested from the paws of mice subjected to oxaliplatin (OXL)-induced neurotoxicity and 
treated with rutin (RUT) or quercetin (QT). The mice received two intravenous injections of OXL (1 mg/kg) per week for 4.5 weeks for a total 
of nine OXL injections. Rutin and quercetin (50 mg/kg) were injected intraperitoneal^ 30 min before every OXL administration. The control group 
received saline instead of rutin and quercetin. The figure shows hematoxylin-eosin staining (400x magnification). 



repeated intravenous administration. Based on that 
study, we tested the same doses in mice, also using a 
mechanical test and non-noxious cold thermal test (i.e., 
tail immersion test), and we found that oxaliplatin at 



1 mg/kg was the lowest effective dose which was consist- 
ently capable of producing nociception in all the tests 
employed in this study. In a review published by Le Bars 
and colleagues [22] the influence of species and animal 
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Figure 6 Effect of rutin and quercetin on malondialdehyde 
(MDA) levels in the spinal cord. The mice received two intravenous 
injections of OXL (1 mg/kg) per week for 4.5 weeks for a total of 
nine OXL injections. Rutin and quercetin (50 mg/kg) were injected 
intraperitoneal^ 30 min before every OXL administration. The 
control group received saline instead of rutin and quercetin. 
Fourteen days after the first dose, a portion of the spinal cord was 
collected and processed to measure MDA levels. The results are 
expressed as mean ± SEM. *p < 0.05, compared with saline plus 
oxaliplatin-treated group; # p < 0.05, compared with naive (C) group 
(ANOVA followed by Student Newman-Keuls post hoc test). 



genetic line on nociception is discussed. They point out 
the clear existence of intraspecific and interspecific vari- 
ability concerning pharmacokinetics and pharmaco- 
dynamics of substances in nociceptive tests. It could in 
part explain the differences found between our results, 
in mice, and that from Ling et al. [21], whose experi- 
ments were performed in rats, in regard to the dose of 
oxaliplatin used to induce peripheral neurophathy. 
Therefore, we chose the 1 mg/kg dose of oxaliplatin to 
investigate the effects of flavonoids on the oxaliplatin- 
related nociception. 

In the behavioral experiments, we showed that both 
rutin and quercetin inhibited the decrease in mechanical 
nociceptive threshold in the hind paws of mice subjected 
to this neuropathy. This inhibitory effect was also ob- 
served in cold threshold in the tail immersion test. We 
found that quercetin exerted a better effect than rutin. 

Fos is the protein product of the immediate- early gene 
c-Fos which is found in neuronal nuclei. In most neu- 
rons, Fos levels are low under basal conditions, but only 
changes in afferent inputs and / or changes in external 
stimuli, which induce c-fos expression, result in pheno- 
typic reprogramming of the cell (Reviewed by [23]). 
Therefore, Fos is a useful marker to trace the effects of 
pharmacological, electrical, and physiological stimuli in 
the nervous system, and it has been used to indicate 
pain and neuroplasticity [24-26]. Understanding this, we 
performed Fos immunostaining in dorsal horn neurons. 
The results supported the hypothesis that oxaliplatin 
activates nociceptive pathways because dorsal horn neu- 
rons exhibited greater Fos expression in the oxaliplatin- 
treated group. In addition, rutin and quercetin inhibited 



Fos expression, suggesting an antinociceptive effect of 
these flavonoids that corroborates the behavioral results. 

The histopathological changes in the dorsal horn area 
were also prevented by rutin and quercetin, with a better 
effect of quercetin. The flavonoids prevented the shrink- 
age of neurons after 14 days and light edema formation 
that occurred beginning on day 1. Edema occurred in 
hind paw conjunctive tissue and was prevented by fla- 
vonoid treatment. Other authors showed that another 
platinum compound, cisplatin, causes neuronal nuclear 
DNA damage and mitochondrial vacuolization [27-29]. 
Another study found morphological changes at 144 h of 
cisplatin treatment, including a decrease in the size of 
neuronal cells and extensive mitochondrial vacuolization 
throughout the cell body, but the nuclear membrane 
remained intact [29]. It is known that neurotoxicity leads 
to an excessive neuronal activity leading to an increased 
glutamate release. Repetitive nociceptive stimulation and 
pathologic states resulting in glutamate release, there- 
fore, may lead to changes in extracellular space volume 
and architecture, affecting volume transmission, enhan- 
cing glutamate neurotoxicity and neuronal damage [30]. 
In fact, we have highlighted the increased neuronal ac- 
tivity in the dorsal horn of oxaliplatin injected animals 
through c-Fos expression, which was prevented by rutin 
and quercetin treatment. 

Recent work has discussed the differences between 
oxaliplatin- and paclitaxel-induced peripheral painful 
neuropathy. Oxaliplatin promoted mitochondrial changes, 
and chemotherapy-induced mitochondrial injury may be 
the event that leads to mechanical and thermal nocicep- 
tive alteration. Additionally, mitochondrial dysfunction led 
to an increase in the release of free electrons from the 
electron transport system and subsequent oxidative and 
nitrative stress in peripheral neuronal cells [31]. 

Oxidative stress was also suggested by Joseph et al. as 
responsible for the peripheral neuronal injury caused by 
oxaliplatin. They showed that acute painful peripheral 
neuropathy induced by oxaliplatin appears to be medi- 
ated by an action on the IB4-positive nociceptors [8]. 
These authors also suggested that the nontoxic interven- 
tion with antioxidants could be useful to treat the 
oxaliplatin-related toxicity. The peripheral edema of the 
hind paws observed in the present study may be partially 
explained by this previous work. We investigated the ef- 
fects of compounds with known antioxidant properties 
on this effect of oxaliplatin. In our study, a remarkable 
protective effect was observed. Our findings reinforce 
the hypothesis that the oxidative stress event leads to 
chronic neuropathy due to the oxaliplatin injection. 

Recently a cellular model of oxaliplatin neurotoxicity 
based on redox unbalance as mechanism of damage has 
been proposed [32] and the antioxidant effect silibilin 
and alpha- tocopherol [33]. 
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Figure 7 Fos immunostaining in the dorsal horn of the spinal cord in mice subjected to oxaliplatin (OXL)-induced neurotoxicity and 
treated with rutin or quercetin. The mice received two intravenous injections of OXL (1 mg/kg) per week for 4.5 weeks for a total of nine OXL 
injections. Rutin or quercetin (50 mg/kg) were injected intraperitoneal^ 30 min before every OXL administration. The control group received 
saline instead of rutin and quercetin. (A) Naive animals; (B) Oxaliplatin plus saline; (C) Oxaliplatin plus rutin (50 mg/kg); (D) Oxaliplatin plus 
quercetin (50 mg/kg). 400x magnification. (E) Bars show the percentage of positive Fos staining area, mean ± SEM (n = 4). ***p < 0.001, compared with 
saline plus oxa I i pi at i n-t reated group (S); ### p < 0.001, compared with naive (C) group (ANOVA followed by Student Newman-Keuls post hoc test). 



The flavonoids are compounds with antioxidant prop- 
erties, in addition to their antiinflammatory [16-18] and 
antinociceptive [34,35] effects. The flavonoids cyanidin 
and quercetin have antioxidant potential that is four-fold 
greater that of the vitamin E analog Trolox. Quercetin, 
through the blockade of reactive oxygen species (ROS) 
production, protects mouse hippocampal cells from 
oxidative toxicity and lipid peroxidation induced by glu- 
tamate. It also has an inhibitory effect on oxidative 
stress-induced neurotoxicity that is exerted through 
three distinct mechanisms: a direct effect on GSH me- 
tabolism, an antioxidant effect, and the maintenance of 
low calcium levels despite high ROS levels. Ansari et al. 
[36] found that quercetin and rutin have at least two of 
these properties: a direct effect on GSH metabolism and 
ROS scavenger properties [36]. The unsaturated C ring 
of quercetin confers an additional feature for this 



flavonoid with regard to its neuroprotective effect [37]. 
Other authors have demonstrated that quercetin de- 
creases lipid peroxidation, with a reversal in the decrease 
in GSH and its dependent enzymes and a decrease in 
catalase and superoxide dismutase (SOD) levels. This 
antioxidant property was associated with the ability of 
quercetin to significantly reverse age-related and chronic 
ethanol-induced retention deficits in cognitive perform- 
ance in mice [38,39]. 

In the present study, we verified that oxaliplatin 
induced a marked lipid peroxidation. Nitrotyrosine im- 
munostaining was also shown to increase in oxaliplatin- 
induced neuropathy. The effect on NP-SH levels 
revealed a tendency toward a decrease, but the statistical 
analyses did not reveal a significant effect. Both rutin 
and quercetin had antioxidant effects, reflected by inhib- 
ition of the lipid peroxidation process and a decrease in 
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Figure 8 Nitrotyrosine immunostaining in the dorsal horn of the spinal cord of mice subjected to oxaliplatin (OXL)-induced 
neurotoxicity and treated with rutin or quercetin. The mice received two intravenous injections of OXL (1 mg/kg) per week for 4.5 weeks for 
a total of nine OXL injections. Rutin or quercetin (50 mg/kg) were injected intraperitoneal^ 30 min before every OXL administration. The control 
group received saline instead of rutin and quercetin. (A) Naive animals; (B) Oxaliplatin plus saline; (C) Oxaliplatin plus rutin (50 mg/kg); 
(D) Oxaliplatin plus quercetin (50 mg/kg). 400x magnification. (E) Bars show the percentage of positive nitrotyrosine staining area, mean ±SEM 
(n =4). *p < 0.05, compared with saline plus oxal i plati n-treated group (S); # p < 0.05, compared with naive (C) group (ANOVA followed by Student 
Newman-Keuls post hoc test). 



nitrotyrosine immunostaining in the dorsal horn of the 
spinal cord. 

Peroxynitrite is a powerful oxidant formed by the reac- 
tion between NO and superoxide, and it is more reactive 
than its precursors. Peroxynitrite reactions lead to the 
formation of nitrogen dioxide and hydroxyl radicals that 
directly react with target molecules, mostly tyrosine and 
lipids. This can be identified in tissue by the formation 
of nitrotyrosine and lipid peroxidation [40]. In a recent 
publication, Kumar et al. [41] showed that peroxynitrite 
and ROS, generated by excessive glutamate, were re- 
sponsible for neuronal cell death in the rat cerebral cor- 
tex [41]. Furthermore, these authors demonstrated that 
bolus glutamate administration increased iNOS and 
neuronal nitric oxide synthase (nNOS) mRNA. In the 



early stage of neurotoxicity, a rapid increase in intracel- 
lular Ca 2+ occurs, with ROS generation and a decrease in 
GSH. This leads to alterations in nNOS and iNOS mRNA 
levels with the generation of NO and toxic ONOO- that 
undergo chemical reactions with various substrates, such 
as tyrosine nitration and lipid peroxidation [41]. 

Our data showed that rutin and quercetin inhibited 
iNOS expression in the dorsal horn region. The protect- 
ive effect on oxaliplatin neurotoxicity was at least par- 
tially attributable to this action. Flavones inhibited the 
production of NO [42], and quercetin and rutin 
inhibited LPS -induced iNOS gene expression, reflected 
by Western blot analysis, in macrophage cultures [43]. 
Additionally, quercetin, through its potent antioxidant 
effect, prevented cisplatin-induced cytotoxicity in 
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Figure 9 iNOS immunostaining in the dorsal horn of the spinal cord of mice subjected to oxaliplatin (OXL)-induced neurotoxicity and 
treated with rutin or quercetin. The mice received two intravenous injections of OXL (1 mg/kg) per week for 4.5 weeks for a total of nine OXL 
injections. Rutin or quercetin (50 mg/kg) were injected intraperitoneal^ 30 min before OXL administration. The control group received saline 
instead of rutin and quercetin. (A) Naive animals; (B) Oxaliplatin plus saline; (C) Oxaliplatin plus rutin (50 mg/kg); (D) Oxaliplatin plus quercetin 
(50 mg/kg). 400x magnification. (E) Bars show the percentage of positive iNOS staining area, mean ± SEM (n =4). **p < 0.01, compared with 
saline plus oxaliplatin-treated group (S); ## p < 0.01, compared with naive (C) group (ANOVA followed by Student Newman-Keuls post hoc test). 



LLC-PK1 cells in vitro and tubular injury induced by 
acute renal ischemia in vivo and inhibited LPS- 
induced NO production [44,45]. 

In summary, the present study showed that oxaliplatin 
induced painful peripheral neuropathy in mice, an effect 
prevented by rutin and quercetin. The oxaliplatin-related 
neurotoxic effect appears to occur at least partially 
through oxidative stress -induced damage in dorsal horn 
neurons, reflected by lipid peroxidation and protein 
nitrosylation. Lipid peroxidation and tyrosine nitrosyla- 
tion were prevented by flavonoid treatment. The de- 
creased iNOS expression in the flavonoids-treated 
groups seems to involve the inhibition of peroxynitrite- 
associated neuronal damage due to the direct antioxi- 
dant effect of these compounds. The present data may 
lead to a better understanding of the pathogenesis of 



oxaliplatin-induced neuropathy and the development of 
new approaches to treat this condition, which includes 
the prevention of oxidative damage. 

Material and methods 

Animals 

The experiments were performed with male Swiss mice 
(25-35 g) from our own animal facilities in accordance 
with the local guidelines on the welfare of experimental 
animals and with the approval of the Ethics Committee 
in Animal Research of the Federal University of Ceara. 
The animals were housed in temperature-controlled 
rooms and received water and food ad libitum. We 
followed International Association for the Study of Pain 
Committee for Research and Ethical Issues guidelines 
for animal research [46]. The researchers who performed 
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the behavioral studies were blinded with regard to 
treatment. 

Oxaliplatin-induced sensory neuropathy: experimental 
protocol 

Oxaliplatin was diluted in a 5% glucose solution (final 
concentration: 1 mg/10 mL) and injected intravenously 
in the lateral vein of the tail at a dose of 1 mg/kg twice a 
week (on Mondays and Thursdays) with a total of nine 
injections. The day oxaliplatin was first injected was 
considered as experimental day 1. The dose used was 
based on the work of Ling et al. [21] and adapted to our 
experimental conditions. To evaluate the effect of rutin 
and quercetin, the mice received an intraperitoneal injec- 
tion of saline (10 mL/kg), rutin (25, 50, and 100 mg/kg) or 
quercetin (25, 50, and 100 mg/kg) 30 min before every 
oxaliplatin injection (1 mg/kg). The oxaliplatin, rutin and 
quercetin administration stopped after the 9th injection, 
but the nociceptive tests were conducted once a week 
up to day 56. Biochemical, histopathology and immu- 
nohistochemistry of L4-5 lumbar spinal cord were 
also performed. 

Behavioral tests 
Von Frey test 

Mechanical nociceptive threshold was assessed by stimu- 
lating the hind paws with a pressure meter that con- 
sisted of a handheld force transducer fitted with a 
0.5 mm 2 polypropylene tip (electronic von Frey Digital 
Analgesymeter, Insight Instruments, Sao Paulo, SP, 
Brazil). Briefly, in a quiet room, the mice were placed in 
acrylic cages (12x20x17 cm) with wire grid floors 15- 
30 min before the start of the test. A tilted mirror placed 
under the grid provided a clear view of the hind paw. 
The investigator was trained to apply the tip perpendicu- 
larly to the central area of the hindpaw with a gradual 
increase in pressure. The stimulus was automatically 
discontinued and its intensity recorded when the paw 
was withdrawn. The end-point was characterized by the 
removal of the paw in a clear flinch response after paw 
withdrawal. The animals were tested before and after 
treatments. The stimulation of the paw was repeated 
until the animal presented two similar measurements. If 
the results were inconsistent (i.e., a marked difference in 
the baseline response compared with the other animals 
of the experiment), then the animal was excluded from 
the study [47]. 

Tail immersion test 

Thermal threshold was assessed using the tail immersion 
test at a non-noxious temperature of 10°C [21,48]. The 
tail was immersed in the water until the tail was with- 
drawn. The duration of tail immersion was recorded, 
with a cut-off time of 15 s. The mice were habituated to 



the testing procedures and handling by the investigator 
for 1 week prior to the experiment. 

Histopathological analysis and immunohistochemistry 

The animals were deeply anesthetized with ketamine 
and xylazine (100 mg/kg and 10 mg/kg body weight, re- 
spectively, i.p.) and intracardially perfused with freshly 
prepared 4% paraformaldehyde in 0.1 M phosphate- 
buffered saline (PBS; pH 7.4). After perfusion, the L4-5 
lumbar spinal cord and hind paw skin were removed, 
post- fixed in the same fixative for 1 h at 4°C, and trans- 
ferred to 70% ethanol. Transversal sections of the 
lumbar spinal cord were paraffin-embedded, serially sec- 
tioned at a thickness of 4 um with a microtome, and 
mounted on slides. For the histopathological analysis, 
the sections were deparaffinized and hydrated for 
hematoxylin-eosin staining. The dorsal horn of spinal 
cord was evaluated in histopathological analysis. 

For immunohistochemistry, the sections were de- 
paraffinized and hydrated as similar to above. Hydrated 
sections were microwaved in 10 mM citrate buffer 
(pH 6.1) to unmask antigenic epitopes for 15 min at 
98°C and allowed to cool for 20 min at room temperature. 
The sections were washed for 5 min in PBS. Afterward, the 
sections were hooped with a hydrophobic pen (Dako pen®), 
incubated for 15 min in peroxidase-blocking solution 
(3% hydrogen peroxide), and washed for 5 min in PBS. 
The sections were then incubated with primary polyclonal 
goat anti-Fos, goat anti-nitrotyrosine (Millipore, USA), or 
rabbit anti-iNOS antibody (Santa Cruz Biotechnology, 
Santa Cruz, CA, USA) at 4°C overnight. The sections were 
then washed in PBS for 5 min and incubated for 30 min at 
room temperature with biotinylated goat or rabbit 
secondary antibody (Santa Cruz Biotechnology). After 
another wash in PBS, the tissue sections were incubated 
with AB enzyme reagent ( strep tavidin; reagent A, Avidine; 
reagent B, biotinylated horseradish peroxidase; Santa 
Cruz Biotechnology) for 30 min. After a final wash in 
PBS, the tissue sections were covered with chromogen 
diaminobenzidine (Liquid DAB + Substrate Chromogen 
System, Dako North America, Carpinteria, CA, USA) for 
2 min and then rinsed twice in distilled water for 5 min. 
The sections were dehydrated, mounted in a rapid 
mounting medium (Entellan, Merck, Dannstadt, Germany), 
and examined with a Leica microscope coupled with 
DFC232 camera (Wetzlar, Germany). After focusing 
the microscope, the dorsal horn was photographed at 
400 x magnification. The quantification of the positive 
area stained in the pictures was made differentiating 
the areas (pixels) with higher color saturation associated 
to immunostaining (brown). For this, we used the pro- 
gram Image J - NIH. The procedure was based on color 
saturation associated with positive staining for a particular 
marker. The limits required for defining selected pixels 
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and unselected were previously defined by color threshold. 
Measuring the total area of photograph and the selected 
pixels areas it was calculated the percentage of positive 
stained area in each photograph. It was evaluated, at least 
4 slides per group. 

Malondialdehyde assay 

The mice subjected to oxaliplatin-induced neuropathy 
were treated with rutin and quercetin. They were then 
euthanized by high-dose anesthetics, and the L4-5 lum- 
bar spinal cord was removed. The tissues were immedi- 
ately frozen in liquid nitrogen and stored at -80°C until 
use. Lipid peroxidation was determined by measuring 
MDA production using the Thiobarbituric Acid Reactive 
Substances (TBARS) test [49]. Briefly, 250 \il of 10% 
homogenate of tissue sample plus 1.5 ml of 1% H 3 P0 4 
and 0.5 ml of 0.6% thiobarbituric acid aqueous solution 
were stirred and heated in boiling water for 45 min. 
After cooling, 2 ml of w-butanol was added and stirred, 
and the butanol layer was collected by centrifugation. 
The optical density of the w-butanol layer was deter- 
mined at 535 and 520 nm. The difference in optical 
density between both determinations was calculated and 
considered the thiobarbituric acid value. Malondialdehyde 
concentrations are expressed as nanomoles per gram of 
tissue. 

Statistical analysis 

The behavioral data were analyzed using one-way ana- 
lysis of variance (ANOVA) followed by the Student 
Newman-Keuls test to detect differences between each 
treatment and control group at each time point. The 
data are expressed as mean ± standard error of the mean 
(SEM). The level of significance was p < 0.05. 

Abbreviations 

DTNB: 5,5'-dithiobis-(2-nitro-benzoic acid); GSH: Glutathione; i.v.: Intravenous; 

IB4: Isolectin B4; iNOS: Inducible nitric oxide synthase; 

LPS: Lipopolysaccharide; MDA: Malondialdehyde; nNOS: Neuronal nitric oxide 

synthase; NP-SH: Non-protein sulfhydryl group; PBS: Phosphate-buffered 

saline; ROS: Reactive oxygen species; SOD: Superoxide dismutase; 

TBARS: Thiobarbituric acid reactive substances; TCA: Trichloroacetic acid. 

Competing interests 

The authors declare that they have no competing interests. 
Authors' contributions 

FER performed the behavioral studies. DVW and RPL were responsible for 
the MDA and NP-SH assays. AFP and RBN per formed the spinal cord 
dissections and immunohistochemical staining. GAB performed the 
histopathological analysis and applied the immunohistochemistry scores. 
MIA performed the behavioral studies, coordinated the experiments, and 
finished the final draft of the manuscript. MLV and RAR conceived the study, 
participated in its design and coordination, and helped draft the manuscript. 
All of the authors read and approved the final manuscript. 

Acknowledgements 

The authors thank Maria Silvandira Franga Pinheiro of the Department of 
Physiology and Pharmacology and Maria do Socorro Franga Monte of the 
Department of Morphology, Faculty of Medicine, Federal University of Ceara, 



Brazil, for technical assistance and Michael Arends for English correction. This 
work was supported by grants from Fundagao Cearense de Apoio ao 
Desenvolvimento Cientifico eTecnologico (FUNCAP) and Coordenagao de 
Aperfeigoamento de Pessoal de Nivel Superior (CAPES). 

Author details 

Medical Sciences Post-Graduation, Department of Clinical Medicine, Faculty 
of Medicine, Federal University of Ceara, Fortaleza, Brazil, department of 
Physiology and Pharmacology, Federal University of Ceara, Fortaleza, CE, 
Brazil, department of Morphology, Federal University of Ceara, Fortaleza, 
Brazil. 

Received: 22 February 2013 Accepted: 17 October 2013 
Published: 23 October 2013 



References 

1 . Chu E: The clinical Use of Oxaliplatin: The new member of the class. In 

The Clinical Use of Oxaliplatin: Case Studies and Roundtable Discussion. Edited 
by Marshall JL. Manhasset: Oncology Pub Division of CMP Healthcare Media; 
2004:109. 

2. Argyriou AA, Polychronopoulos P, Iconomou G, Chroni E, Kalofonos HP: 

A review on oxaliplatin-induced peripheral nerve damage. Cancer Treat 
Rev 2008, 34(4):368-377. 

3. De Gramont A, Figer A, Seymour M, Homerin M, Hmissi A, Cassidy J, Boni C, 
Cortes-Funes H, Cervantes A, Freyer G, Papamichael D, Le Bail N, Louvet C, 
Hendler D, de Brand F, Wilson C, Morvan F, Bonetti A: Leucovorin and 
fluorouracil with or without oxaliplatin as first-line treatment in 
advanced colorectal cancer. J Clin Oncol 2000, 18:2938-2947. 

4. Van Cutsem E, Verslype C, Demedts I: The treatment of advanced 
colorectal cancer: where are we now and where do we go?. Best Pract 
Res Clin Gastroenterol 2002, 16(2):3 19-330. 

5. Goldberg RM, Sargent DJ, Morton RF, Fuchs CS, Ramanathan RK, Williamson 
SK, Findlay BP, Pitot HC, Alberts SR: A randomized controlled trial of 
fluorouracil plus leucovorin, irinotecan, and oxaliplatin combinations in 
patients with previously untreated metastatic colorectal cancer. J Clin 
Oncol 2003, 22:23-30. 

6. Hurwitz HI: New agents in colon cancer. Clin Adv Hematol Oncol 2003, 
7:404-405. 

7. Authier N, Balayssac D, Marchand F, Ling B, Zangarelli A, Descoeur J, Coudore 
F, Bourinet E, Eschalier A: Animal models of chemotherapy-evoked painful 
peripheral neuropathies. Neurotherapeutics 2009, 6:620-629. 

8. Joseph EK, Chen X, Bogen O, Levine JD: Oxaliplatin acts on IB4-positive 
nociceptors to induce an oxidative stress-dependent acute painful 
peripheral neuropathy. J Pain 2008, 9(5):463-472. 

9. Kaley TJ, DeAngelis LM: Therapy of chemotherapy-induced peripheral 
neuropathy. Br J Haematol 2009, 145:3-14. 

10. Paice JA: Clinical challenges: chemotherapy-induced peripheral 
neuropathy. Semin Oncol Nurs 2009, 25(2 Suppl 1):S8-S19. 

11. Dworkin RH, O'Connor AB, Backonja M, Farrar JT, Finnerup NB, Jensen TS, 
Kalso EA, Loeser JD, Miaskowski C, Nurmikko TJ, Portenoy RK, Rice AS, 
Stacey BR, Treede RD, Turk DC, Wallace MS: Pharmacologic management 
of neuropathic pain: evidence-based recommendations. Pain 2007, 
132(3):237-251. 

12. Jamieson SM, Liu J, Connor B, McKeage MJ: Oxaliplatin causes selective 
atrophy of a subpopulation of dorsal root ganglion neurons without 
inducing cell loss. Cancer Chemother Pharmacol 2005, 56(4):391 -399. 

13. Harborne JB: Nature distribution and function of plant flavonoids. Prog 
Clin Biol Res 1986,213:15-24. 

14. Havsteen B: Flavonoids, a class of natural products of high 
pharmacological potency. Biochem Pharmacol 1983, 32:1 141-1 148. 

15. Morand C, Manach C, Crespy V, Remesy C: Respective bioavailability of 
quercetin aglycone and its glycosides in a rat mode. Biofactors 2000, 
12:169-174. 

16. Agarwal OP: The anti-inflammatory action of nepitrin, a flavonoid. Agents 
Actions 1982, 12(3):298-302. 

1 7. Delia Loggia R, Tubaro A, Dri P, Zilli C, Del Negro P: The role of flavonoids 
in the antiinflammatory activity of Chamomilla recutita. Prog in Clin and 
Biol Res 1986, 213:481-489. 

18. Ferrandiz ML, Alcaraz MJ: Anti-inflammatory activity and inhibition of 
arachidonic acid metabolism by flavonoids. Agents Actions 1991, 
32:283-288. 



Azevedo et al. Molecular Pain 2013, 9:53 
http://www.molecularpain.eom/content/9/1/53 



Page 14 of 14 



19. Emim JAS, Oliveira AB, Lapa AJ: Pharmacological evaluation of the 
anti-inflammatory activity of a citrus bioflavonoid, hesperidin, and the 
isoflavonoids, duartin and claussequinone, in rats and mice. J Pharm 
Pharmacol 1994, 46:118-122. 

20. Di Carlo G, Mascolo N, Izzo AA, Capasso F: Flavonoids: old and new 
aspects of a class of natural therapeutic drugs. Life Sci 1999, 
65(4):337-353. 

21. Ling B, Authier N, Balayssac D, Eschalier A, Coudore F: Behavioral and 
pharmacological description of oxaliplatin-induced painful neuropathy 
in rat. Pain 2007, 128(3):225-234. 

22. Le Bars D, Gozariu M, Cadden SW: Animal models of nociception. 
Pharmacol Rev 2001, 53(4):597-652. 

23. Kovacs KJ: Measurement of immediate-early gene activation- c-fos and 
beyond. J Neuroendocrinol 2008, 20(6):665-72. 

24. Herdegen T, Zimmermann M: Immediate early genes (lEGs) encoding for 
inducible transcription factors (ITFs) and neuropeptides in the nervous 
system: functional network for long-term plasticity and pain. Prog Brain 
Res 1995, 104:299-321. 

25. Harris JA: Using c-fos as a neural marker of pain. Brain Res Bull 1998, 
45:1-8. 

26. Bullitt E, Lee CL, Light AR, Willcockson H: The effect of stimulus duration 
on noxious-stimulus induced c-fos expression in the rodent spinal cord. 
Brain Res 1992, 580:172-179. 

27. Eastman A: The formation, isolation and characterization of DNA adducts 
produced by anticancer platinum complexes. Pharmacol Ther 1987, 
34:155-166. 

28. Windebank AJ, Grisold W: Chemotherapy-induced neuropathy. J Peripher 
NervSyst 2008, 13:27-46. 

29. Podratz JL, Knight AM, Ta LE, Staff NP, Gass JM, Genelin K, Schlattau A, 
Lathroum L, Windebank AJ: Cisplatin induced mitochondrial DNA damage 
in dorsal root ganglion neurons. Neurobiol Dis 201 1, 41:661-668. 

30. Vargova L, Jendelova P, Chvatal A, Sykova E: Glutamate, NMDA, and AMPA 
induced changes in extracellular space volume and tortuosity in the rat 
spinal cord. J Cereb Blood Flow Metab 2001, 21 (9): 1077- 1089. 

31. Xiao WH, Zheng H, Bennett GJ: Characterization of oxaliplatin-induced 
chronic painful peripheral neuropathy in the rat and comparison with 
the neuropathy induced by paclitaxel. Neuroscience 2012, 17(203): 194-206. 

32. Di Cesare Mannelli L, Zanardelli M, Failli P, Ghelardini C: Oxaliplatin-induced 
oxidative stress in nervous system-derived cellular models: Could it 
correlate with in vivo neuropathy? Free Radio Biol Med 2013, 
31(61C):143-150. 

33. Di Cesare Mannelli L, Zanardelli M, Failli P, Ghelardini C: Oxaliplatin-induced 
neuropathy: oxidative stress as pathological mechanism. Protective 
effect of silibinin. J Pain 2012, 13(3):276-84. 

34. Tall JM, Raja SN: Dietary constituents as novel therapies for pain. Clin J 
Pain 2004, 20:19-26. 

35. Rice-Evans CA, Miller NJ, Bolwell PG, Bramley PM, Pridham JB: The relative 
antioxidant activities of plant-derived polyphenolic flavonoids. Free Radio 
Res 1995, 22(4):375-383. 

36. Ansari MA, Abdul HM, Joshi G, Opii WO, Butterfield DA: Protective effect of 
quercetin in primary neurons against A(3(1-42): relevance to Alzheimer's 
disease. J Nutr Biochem 2009, 20(4):269-275. 

37. Ishige K, Schubert D, Sagara Y: Flavonoids protect neuronal cells from 
oxidative stress by three distinc mechanisms. Free Radio Biol Med 2001, 
30(4):433-446. 

38. Sanders RA, Rauscher FM, Watkins JB 3rd: Effects of quercetin on 
antioxidant defense in streptozocin-induced diabetic rats. J Biochem Mol 
Toxicol 2001, 15(3):143-149. 

39. Singh A, Naidu PS, Kulkarni SK: Reersal of aging and chronic ethanol-induced 
cognitive dysfunction by quercetin a bioflavonoid. Free Radio Res 2003, 
37(11 ):1 245-1 252. 

40. Alvarez B, Radi R: Peroxynitrite reactivity with amino acids and proteins. 
Amino Acids 2003, 25:295-311. 

41. Kumar A, Singh RL, Babu GN: Cell death mechanisms in the early stages 
of acute glutamate neurotoxicity. Neurosci Res 2010, 66(3):271 -278. 

42. Krol W, Czuba ZP, Threadgill MD, Cunningham BD, Pietsz G: Inhibition of 
nitric oxide (NO.) production in murine macrophages by flavones. 
Biochem Pharmacol 1995, 50(7):1 031 -1035. 

43. Chen YC, Shen SC, Lee WR, Hou WC, Yang LL, Lee TJ: Inhibition of nitric 
oxide synthase inhibitors and lipopolysaccharide induced inducible NOS 
and cyclooxygenase-2 gene expressions by rutin, quercetin, and 



quercetin pentaacetate in RAW 264.7 macrophages. J Cell Biochem 2001, 
82:537-548. 

44. Kuhlmann MK, Horsch E, Burkhardt G, Wagner M, Kohler H: Reduction of 
cisplatin toxicity in cultured renal tubular cells by the bioflavonoid 
quercetin. Arch Toxicol 1998, 72:536-540. 

45. Middleton E Jr: Effect of plant flavonoids on immune and inflammatory 
cell function. Adv Exp Med Biol 1 998, 439:1 75-1 82. 

46. Zimmermann M: Ethical guidelines for investigations of experimental 
pain in conscious animals. Pain 1983, 16(2): 109-1 10. 

47. Cunha TM, Verri WA Jr, Vivancos GG, Moreira IF, Reis S, Parada CA, Cunha 
FQ, Ferreira SH: An electronic pressure-meter nociception paw test for 
mice. BrazJMed Biol Res 2004, 37(3):40 1-407. 

48. Necker R, Hellon RF: Noxious thermal input from the rat tail: modulation 
by descending inhibitory influences. Pain 1978, 4:231-242. 

49. Mihara M, Uchiyama M: Determination of malonaldehyde precursor in 
tissues by thiobarbituric acid test. Anal Biochem 1978, 86:271-278. 



doi:1 0.1 1 86/1 744-8069-9-53 

Cite this article as: Azevedo et al.: The antioxidant effects of the 
flavonoids rutin and quercetin inhibit oxaliplatin-induced chronic 
painful peripheral neuropathy. Molecular Pain 2013 9:53. 



Submit your next manuscript to BioMed Central 
and take full advantage of: 

• Convenient online submission 

• Thorough peer review 

• No space constraints or color figure charges 

• Immediate publication on acceptance 

• Inclusion in PubMed, CAS, Scopus and Google Scholar 

• Research which is freely available for redistribution 



Submit your manuscript at 
www.biomedcentral.com/submit 



o 



BioMed Central 



